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Background: In Japan, although the incidence of overweight (BMI ≥ 25) is still low compared with that in Europe
and the United States, the prevalence of type 2 diabetes has increased over the last 15 years,. In both Japanese and
Caucasian populations it has been reported that a high level of cardiorespiratory fitness protects against the
development of type 2 diabetes. However, there are no reports focused specifically on athletes that investigate
whether high cardiorespiratory fitness at a young age can prevent disease later in life. We examined the
relationship between cardiorespiratory fitness at a young age and the development of type 2 diabetes in
Japanese athletes using a cohort study.
Methods: The cardiorespiratory fitness of male alumni of the physical education department of Juntendo
University, as measured by stored data of a 1,500-m endurance run in college (1971–1991) was compared with
their incidence of type 2 diabetes as determined by follow-up questionnaires (2007–2009). This study used Cox’s
proportional hazards models and adjusted for age, year of graduation, BMI, smoking, and sports club participation
at college age.
Results: We collected data on cardiorespiratory fitness at college age and medical history survey data during
2007–2009 from 570 male alumni. The median follow-up period was 26 years (IQR: 23–29 years), and 22 men had
developed type 2 diabetes. An inverse relationship was observed between incidence of type 2 diabetes and level of
cardiorespiratory fitness at time of college after adjustment for age, year of graduation, BMI, smoking, and sports
participation. The adjusted hazards ratio and 95% CI by category (low, medium, and high) were 1.00 (reference),
0.40 (0.14–1.13) and 0.26 (0.07–1.00) (p = 0.03 for trend).
Conclusions: A high level of cardiorespiratory fitness at a young age can help prevent type 2 diabetes later in life.
Keywords: Cardiorespiratory fitness, Type 2 diabetes, Japanese, Athletes, Cohort studyBackground
Worldwide, more than 371 million people over age 20
have type 2 diabetes [1]. In Japan, although the preva-
lence of overweight (BMI ≥ 25), the strongest predispos-
ing factor for type 2 diabetes, is low compared with that
in Europe and the United States, the prevalence of type
2 diabetes has increased [2]. The National Health and
Nutrition Survey reported that type 2 diabetes incidence
in Japan increased by 30% between 1997 and 2007 [2,3].* Correspondence: yksomeya@juntendo.ac.jp
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unless otherwise stated.In addition, the International Diabetes Federation re-
ported in 2012 that Japan had the ninth-highest rate of
type 2 diabetes in the world [1]. In epidemiological stud-
ies conducted in Western countries, a high level of car-
diorespiratory fitness has been shown to be a protective
factor against type 2 diabetes [4-6]. In Japan, few pro-
spective epidemiological studies have investigated the re-
lationship between cardiorespiratory fitness and type 2
diabetes. Sawada et al. showed that a low level of cardio-
respiratory fitness in middle age is a strong risk factor
for type 2 diabetes [7].
Few epidemiological studies have investigated the rela-
tionship between cardiorespiratory fitness and type 2l Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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top-level athletes, and particularly male former endur-
ance athletes, have a lower prevalence of type 2 diabetes
[8-11]. It has also been reported former that top-level
athletes, such as weightlifters, boxers, and track and field
throwers, have an equal or higher prevalence of type 2
diabetes compared with healthy men who are not ath-
letes [8,9,11]. Although top athletes are a biologically se-
lected group given particular training, maintaining high
cardiorespiratory fitness levels may directly contribute to
the prevention of type 2 diabetes. However, in these
studies, former top athletes were grouped according to
the type of sports they played rather than according to
measured data of their cardiorespiratory fitness levels.
As these studies [8,9,11] have been carried out only in
Caucasian populations, it was not clear whether a high
level of cardiorespiratory fitness at a young age can pre-
vent the incidence of type 2 diabetes in Asian athletes,
who are generally not overweight. Therefore, the present
study examined the relationship between cardiorespira-
tory fitness at a young age and the development of type
2 diabetes in Japanese athletes using a cohort study.
Methods
Subjects
This study included male alumni of the Department of
Physical Education of Juntendo University. Students
were selected for admission to college by an entrance
examination of motor skills and other tests. They came
from all over Japan. Almost all students were members
of a college sports club, such as track and field, gymnas-
tics, soccer, or judo and they participated in training in
these areas. In this college, an athletic test included an
annual test of cardiorespiratory fitness, and these data
were available for the years 1971 and thereafter. Between
2007 and 2009, 3,539 male alumni who graduated betweenExclusio
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Figure 1 Flowchart of subjects in this study.1956 and 1991 answered a follow-up questionnaire about
their medical background. Those who had died or for
whom no record of address could be found were excluded.
Female alumni were not included in this study because
this university has only admitted them since 1991. Along
with the questionnaire, prospective participants were sent
a letter of informed consent approving the collection and
use of their athletic test data for research purposes.
Responses with signed and answered questionnaires were
regarded as giving consent. Privacy precautions were
maintained through Juntendo University, and all data we-
re anonymized before analysis. The study protocol was
reviewed and approved by the Juntendo University ethics
committee in 2007. In the present study, we selected sub-
jects from alumni whose cardiorespiratory fitness data at
the time of college was available, and who responded to
the follow-up questionnaire (Figure 1). Therefore, the sub-
jects of this study were male alumni who graduated be-
tween 1971 and 1991.
Cardiorespiratory fitness test
In this college, all alumni underwent an athletic test that
included a test of cardiorespiratory fitness once a year.
The test measured cardiorespiratory fitness using a 1,500-
m endurance run. This study used the data from the sub-
ject’s last fitness test. At the time of the test, the body
height and weight of the subjects were measured. We cal-
culated the subjects’ body mass index (BMI: kg/m2) from
these data.
Investigation of diabetes prevalence
Between 2007 and 2009, a follow-up self-administered
questionnaire was sent by mail to alumni. The question-
naire asked participants whether they had been diag-
nosed with type 2 diabetes by a physician after
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Table 1 Characteristic of all subjects
All
Number of subjects 570
Age at follow up questionnaire 49 (45–52)
follow-up period 26 (23–29)
Person-years follow-up 14,576
Diagnosed type 2 diabetes# 22
1,500 meter endurance run time (seconds)* 325 (310–345)
Age (years)* 23 (23–23)
Year of graduation* 1982 (1979–1985)
BMI (kg/m2)* 22.1 (21-23.0)
Smoker (n,%)* 275 (48.2)
College sports club participation (n,%)* 563 (98.8)
Estimates show as median (IQR: interquartile Range) or number (%).
The rate smoking and college sports club participation counted “yes”.
*All items were the data at colleg age.
#Diabeters was diagnosed by physician.
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diagnosis. Participants were also asked about smoking
habits. We estimated smoking habits at the time of col-
lege from the answer.
Statistical analysis
Thirty-nine percent of subjects, or 1,385 male alumni,
returned the follow-up questionnaire. Cardiorespiratory
fitness test data at the time of college were available for
41% of the respondents. In the present study, we ana-
lyzed 570 male alumni for whom cardiorespiratory fit-
ness data were available, and who responded to the
questionnaire (Figure 1). For each subject, the duration
of follow-up was counted from the year of graduation
(1971–1991) until the time of the follow-up question-
naire filled out between 2007 and 2009. Subjects’ cardio-
respiratory fitness levels were categorized into tertiles
(low, medium, and high) based on their 1,500-m endur-
ance run at the time of college. The association between
cardiorespiratory fitness at the time of college and theTable 2 Characteristics of male subjects by cardiorespiratory
Low
Number of subjects 189
1,500 meter endurance run time (seconds) 353 (345–365)
Age (years) 23 (23–23)
Year of graduation 1982 (1978–198
BMI (kg/m2) 22.5 (21.4-23.7)
Smoker* (n,%) 111 (58.7)
College sports club participation* (n,%) 185 (97.9)
Estimates shown as median (IQR: interquartile Range) or number (%).
All items were the data at colleg age.
*The rate smoking and college sports club participation counted “yes”.incidence of type 2 diabetes was assessed by Cox propor-
tional hazards models. Data were adjusted for age, year
of graduation, BMI, smoking, and college sports club
participation. Multivariable-adjusted hazards ratios for
type 2 diabetes and 95 percent confidence interval (95%
CI) were obtained using the low cardiorespiratory fitness
group as the reference category. All statistical analyses
were conducted using SPSS 18.0 for Windows (SPSS
Inc., Chicago, IL).
Results
This study covered a 26-year follow-up period (IQR:
23–29 years) that included 14,576 person-years of ob-
servation. The median age at the time of the follow-up
questionnaire was 49 years (IQR: 45–52 years). At follow-
up, 22 men had developed type 2 diabetes. The median
age and BMI of subjects at time of college was 23 years
and 22.1 kg/m2. Ninety-nine percent of subjects had par-
ticipated in a college sports club. The 1,500-m endurance
run time was 325 seconds and the time taken ranged
among subjects from 310 to 345 seconds (Table 1). Table 2
shows the physical characteristics of subjects at college
stratified by cardiorespiratory fitness levels. Men in the
highest cardiorespiratory fitness group had the lowest
BMI levels and the lowest prevalence of smoking.
Table 3 shows the relationship between potential risk
factors and type 2 diabetes risk estimated by the Cox pro-
portional hazards model. Potential risk factors including
age, year of graduation, BMI, smoking, and college sports
club participation at the time of college showed no rela-
tionship with type 2 diabetes risk in this study.
The incidence of type 2 diabetes per 10,000 person-
years was inversely correlated with cardiorespiratory
fitness (Table 4). In addition, the low cardiorespiratory
fitness level increased the cumulative incidence rate of
type 2 diabetes during follow-up (Figure 2). There were
progressively lower age-adjusted relative risks of type 2
diabetes across cardiorespiratory fitness levels (p =0.01
for trend). Age-adjusted hazards ratios from low to highfitness level (tertile)
Cardiorespiratory fitness level tertiles
Medium High
186 195
325 (320–330) 301 (290–310)
23 (23–23) 23 (23–23)
5) 1981 (1978–1985) 1983 (1979–1986)
22.3 (21.3-23.4) 21.4 (20.5-22.3)
106 (57.0) 58 (29.7)
183 (98.4) 195 (100.0)
Table 3 Potential risk factors for diabetes
Multivariable adjusted hazard ratio* (95% CI)
Age (years) 0.56 (0.27–1.15)
Year of graduation 0.67 (0.32–1.39)
BMI (kg/m2) 1.17 (0.99–1.38)
Smoker (yes/no) 0.59 (0.23–1.50)
College sports club participation (yes/no) 0.80 (0.06–10.16)
Estimates shown as median (IQR) or number (%) and Multivariable adjusted hazard ratio (95% CI).
All items refer to the data of college age subjects.
*Cox proportional hazards models adjusted for 1,500-m endurance run time and all items in the table.
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0.83). After further adjustment for age, year of graduation,
BMI, smoking, and college sports club participation, there
remained an inverse association between diabetes risk and
cardiorespiratory fitness (p =0.03 for trend). The adjusted
hazard ratios for the incidence of type 2 diabetes by car-
diorespiratory fitness category (low to high) were 1.00 (ref-
erence), 0.40 (0.14–1.13), and 0.26 (0.07–1.00). Overall,
men in the highest cardiorespiratory fitness group had a
74% lower risk of developing type 2 diabetes than men in
the lowest cardiorespiratory fitness group.Discussion
In this study, we investigated the relationship between
cardiorespiratory fitness at the time of college and the
development of type 2 diabetes among Japanese male
athletes. Our results show that having a low cardiorespi-
ratory fitness level increased the risk of type 2 diabetes
among Japanese male athletes. This result is similar
to what had been previously shown among the general
Japanese population [7].
To our knowledge, epidemiological studies of fitness
and diabetes risk in athletes have previously only been
conducted among Caucasian populations. There are re-
ports that former top-level athletes have a low prevalence
of type 2 diabetes compared with controls of similar age
[8-11]. In particular, former male endurance athletes, such
as long-distance runners and cross-country skiers, were
shown to have a low prevalence of type 2 diabetes [11].Table 4 Adjusted hazard ratio for diabetes according to cardi
Car
Low
Number of subjects 189
Person-years of follow-up 4817
Diagnosed type 2 diabetes# 14
Rate per 10,000 parson-years 29.1
Age adjusted hazard ratio (95% CI) 1.00 (Reference)
Multivariable adjusted hazard ratio* (95% CI) 1.00 (Reference)
*Cox proportional hazards models adjusted for age, year of graduation, BMI, smokin
#Diabetes was diagnosed by physician.Although cross-sectional studies have primarily been used
to investigate this link, it has been suggested that strength
training and high cardiorespiratory fitness specifically con-
tribute to the prevention of type 2 diabetes in athletes.
The Harvard Alumni Study, a long-term cohort study, re-
ported that a low vital capacity at entrance age predisposed
subjects to type 2 diabetes later in life [12]. Carnethon et al.
also found a significant inverse relationship between
cardiorespiratory fitness levels and the incidence of type
2 diabetes in 18- to 30-year-olds [13]. These studies,
conducted among Caucasian non-athletes, reported an
inverse relationship between cardiorespiratory fitness at
a young age and the incidence of type 2 diabetes. The
present study indicates that high cardiorespiratory fit-
ness is protective against type 2 diabetes not only in the
general population, but also among athletes.
Some plausible mechanisms have been proposed for
the link between low cardiorespiratory fitness and dia-
betes risk; for example, the fact that individuals with low
cardiorespiratory fitness tend to have low insulin sensi-
tivity. This positive relationship between the rate of glu-
cose metabolism and maximal oxygen consumption was
demonstrated by Sato et al. [14]. Ivy and Kuo also re-
ported that individuals with lower cardiorespiratory fit-
ness levels have fewer glucose transporters than more fit
individuals [15].
The cardiorespiratory fitness of athletes is presumably
greater than that of the general population. However,
the rate of type 2 diabetes in all subjects in the present
study was equal to the rate among high cardiorespiratoryorespiratory fitness level






0.33 (0.12–0.91) 0.24 (0.07–0.83) 0.01
0.40 (0.14–1.13) 0.26 (0.07–1.00) 0.03
g and college sports club participation at college age.
Figure 2 Cumulative incidence rate curve for type 2 diabetes during follow-up, according to cardiorespiratory fitness level.
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[7]. Therefore, it is appropriate to investigate this topic
among athletes. In addition, this was a cohort study of
Japanese athletes. Previous studies investigating the re-
lationship between cardiorespiratory fitness and the
development of diabetes in athletes were limited to
cross-sectional studies and were conducted only among
Caucasian populations. Because the incidence of type 2
diabetes differs among ethnic populations; the association
of fitness with diabetes risk may also differ among ethnic
groups.
Several limitations of this study need to be discussed.
First, the subjects are not representative of all Japanese
athletes. Only male college alumni were studied. How-
ever, these students came from all over Japan, and were
selected for admission by an entrance examination of
motor skills. In addition, men without both a cardiore-
spiratory fitness test at college age and a follow-up ques-
tionnaire were excluded. These exclusions limit the
generalizability of the study, but not its validity. In this
study, female alumni were also excluded because they
were not registered at the college in 1971. However, we
are reflecting on the need to investigate and validate
similar data for women. Another limitation is that car-
diorespiratory fitness was measured by a 1,500-m endur-
ance run test rather than by laboratory measurements of
values such as maximal oxygen consumption. Although
the 1,500-m endurance run is a field test, an inverserelationship has been demonstrated between 1,500-m
endurance run times and maximal oxygen consumption
[16-18]. It was also reported that distance runs over
1 km adequately assess cardiorespiratory capacity [19,20],
and that the reliability of field tests has been established for
physical education majors [21]. Finally, self-selection bias
was possible because the subjects who answered follow-up
questionnaires may have been those who were the most
healthy. Second recall bias was possible because the ques-
tionnaire was cross-sectional and subjects needed to recall
their medical background. However, previous studies have
used the same method and established its validity [12].
Conclusions
In conclusion, our results show a strong inverse relation-
ship between the cardiorespiratory fitness of young male
athletes and the development of type 2 diabetes later in
life. This relationship is independent of age, year of
graduation, BMI, smoking, and college sports club par-
ticipation. We conclude that cardiorespiratory fitness at
a young age can predict type 2 diabetes later in life even
among Japanese male athletes.
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